Abstract -Digital signal processing concepts have been successfuUy taught in the lower division for the past ten years and now have been introduced into an engineering course designed for juniors and seniors in high school This hands-on curriculum allows students to do real time audio, video, and communication projects using a board similar to a Texas Instruments DSK and a block diagram based development tool. The Infinity curriculum, supported with a text book using preerlculus mathematics, allows students to gain experience with basic concepts of DSP that they wiU study later with more rigor if they choose to major in engineering. The course bas been adopted by over eigbty high schools and has been taught in some high schools for three years.
INTRODUCTION
Compared to other industrialized countries, the United States produces a relatively small number of professional engineers. The difference between the needed creative engineering talent in the workforce today and what is produced by our universities comes from imported engineers. An engineering major is not even an option for many students because they have not taken basic mathematics or science courses in high school, and it would require an extra year or two of college courses to make up that deficit. Other students may have the academic preparation for an engineering education, but because they either don't really know what engineers do or think engineering is not a good career choice, they are not interested in studying it.
An effective engineering course in,the high school curriculum can improve the visibility of engineering and potentially attract more students to consider it as a major. If the course is taught at tbe pre-calculus level it is open to a large percentage of the student population. This allows the course to focus on the engineering design and test process and provides many interesting and relevant applications for more abstract 'Electrical Engineering Department Southem Methodist University Dallas, Texas, 15275
4Electrical Engineering Department University of Michigan Ann Arbor, Michigan, 48109 mathematics and science covered in other courses. Looking at concepts fiom mathematics and science courses fiom the different perspective of an engineering application can also reinforce basic understanding of the concepts and reduce the likelihood of persistent misconceptions later in undergraduate courses. In addition, even if students do not choose to study engineering timber, they will be more technologically literate and more able to participate in democratic processes in ow high technology world.
OBJECTIVES OF A HIGH SCHOOL ENGINEERING CURRICULUM
The complemenmy objectives of a high school engineering curriculum can be met with one engineering course, although one course can not cover '"all of engineering" in high school or college. The primary objective is to expose a broad crosssection of high school students to engineering as an exciting and productive profession with a wide variety ofpossible career paths. If students can connect the mathematics and science they are learning to applications that make a difference in their lives, then they may start to find engineering interesting and attractive as a career possibility. An engaging high school cuniculum taught at the level appropriate for juniors could increase the probability that a high school student will take additional mathematics or science courses and consider engineering as a major, Many concept inventory inshuments for university students have recently been developed for basic concepts of mathematics, physics, chemistry, and engineering [I] . They attempt to assess common misconceptions and provide perspective needed to correct them. Lack of a frrn understanding of basic concepts such as functions or the distributive law or frequency can make it difficult to fully understand more advanced concepts in an undergraduate program. When these concepts are reinforced early in specific propositions must rely on experts, who may or may not be reliable, to cast their votes. A single high school course that focuses on engineering processes with a few specific applications will not make students into experts in all areas of technology. However, such a course can teach them how to begin to think about an unfamiliar technical issue and give them confidence that they can leam more.
A. Focus on DSP, audio, and video
Covering all fieids of engineering in a single c o m e would require rather thin coverage of a large number of topics that would probably not create a coherent understanding of any of them. A focus on,a leading edge of technology that directly impacts the lives of high school students can make engineering design more relevant. Students deal with digital technology and multimedia personally on a regular basis.
Students know all about cellularphones and digital cameras and mp3 players from the user's perspective. They are familiar with the terminology and performance improvements. They h o w how to think about different features and have some understanding oftradeoffs between cost and capability. If they leam how these devices have been engineered using mathematics and science they have learned, t k n they can put other erigineering accomplishments that changed history in perrpective. . :
A focus on sound and images or video also bas the advantage of allowing interactive leaming of basic concepts that are often taught as mathematical abstractions or passive science.
For example, the effects of scaling and adding offsets to a function can be illustrated with audio examples or simple image mapping:.The difference between applying these operations to the'functions and to the arguments of the functions can be clearly demonstrated.
if. Engineering af the Level ofPre-calculus Mathematics
Basic concepts of multimedia engineering can be communicated effectively using mathematics at the level of Algebra I1 to be accessible to most college b u n d high school students. Students will leam more about sinusoidal functions, periodic functions, logarithms, and binary representation when they study images and sounds and communication. Review and application of these concepts in the context of engineering designs helps to firmly establish them so that they are not stumbling blocks when they are used later use aAer calculus courses.
C. Resourcesfor o High School Course
A successful engineering curriculum for high school use has to come as a complete package that is easy to use. For the course discussed here a new textbook is available [2], and a low cost complete lab kit with hardware and software can be purchased for use with existing high school computers. Web based resources include answers to problem, extensions in the form of frequently asked questions, and updates to the course and laboratory material. A one-week training c o m e taught by experienced high school teachers is available to new teachers.
In. COURSE CONTENT
The course starts with the observation that most of the modern technology we use every day for work and entertainment has been made possible hy the incredible advances in digital electronics. A discusison of Moore's law follows which leads to a description of bow logarithms are used to meaningfully plot processes with constant growth rates.
The use of sines and cosines to make music and speech is the next topic. This discussion is more than just a few applications for trigonometry. It uses functions and operations on functions, and it provides immediate feedback in the form of changed sounds that are perceived directly rather than inferred from mathematical equations. A music signal is a function of time. If it is multiplied by a constant, it gets louder or softer as its plot gets taller or shorter. If the argument of the function is scaled by a constant, the sound gets slower or faster. This is perceived in terms of both the duration of the sound and the pitch or hquency of the sound. Figure 1 shows a worksheet for a real time laborato~y using sound It is created with a block diagram editor by adding blocks to the worksheet and then connecting them to achieve the desired goal. When all the blocks are connected, the worksheet can be downloaded to the DSP and then it can run in real time. The top three blocks are connected to make a simple circuit in which a microphone provides an input signal, a scale block multiplies the signal, and a speaker block accepts the scaled signal and turns it into sound. Here a variable control for the scale factor or gain has been connected to the scaling block. If the worksbeet with those four block were run, it would allow the user to control the volume of the sound coming fmm the speaker by adjusting the slider whicb sets the value of the scale factor. Additional blocks are added to buffer samples of the signal and send it to a computer for display in the form of a plot of the signal value as a function of time.
A sinusoidal function is really a function of a function, and this concept is sometimes difficult. Since sin(0) is a function of 0, and 8 = Znft is a function of t, the meaning of sin( 2nft ) seems obvious. However direct interactive experimentation makes this more meaningful.
Plots of sounds from a microphone, as shown in Figure 1, are interesting, but not repeatable. In Figure 2 a sound is both plotted and sent to the speakers as it was in Figure 1 , but the sound source is the sum of two sinusoidal signals. Two blocks which generate cosines are added to the worksheet. The three parameters that define a sinusoidal signal are emphasized by providing variable control for all three. Here the amplitude and fkquency of each cosine are set to the same value, but there is a phase difference to make one a sine and the other a cosine. The plots of the individual sine and cosine are shown and then the sum is also plotted. It is easy to see from the plot that the sum bas the same ffequency, but that the amplitude is larger and the phase or time delay is different. Interactively adjusting the phase difference can reinforce the trigonometric relationships that are taught, and the plot shows the results for all angles.
Digital image representation and processing is an intuitive way to introduce the concepts of hits and fmite representations. A digital image can be created by placing a grid over an image and requiring that each square of the grid be a single color. The effect of reducing or increasing the number of squares can be demonstrated interactively by adjusting the sampling rate on an image coming from a PC camera. A similar experiment shows the effect of limiting the selection of colors.
A mapping function for images can be used to illustrate properties of fnnctions. A student can interactively draw the graph representing the output pixel value as a function of the input pixel value and watch the effect on a stored image or a live camera input. For images multiplying by a constant A to get Afixz) changes the image contrast while for sound AAt) changes the loudness of the sound. For images&$) +c uses the constant c to change brightness, and arbitrarily drawn graphs can adjust both contrast and brightness or threshold the image or create its negative. A second mapping can be used to explore the idea of inverse fnnctions and see when an inverse is possible.
The concept of frequency is often difficult for students, hut discussing it in terms of sound can relate it to personal experience. University students often do well with an eternal sinusoid, but have difficulty when the frequency can change as a function of time. Using sound and musical notation, the concept of frequency can be associated with the vettical dimension in sheet music and the variation of frequency over time can be associated with the changing of the notes as we move horizontally across the music sheet. Thus a spectrogram can be associated with written music.
A simple communications system can be developed using audio tones to represent letters. If one tone is used for each letter, the a mapping between sound frequencies and letters of the alphabet allows messages to be sent using a system very similar to the block diagram in Figure 2 . In Figure 3 the spectrogram for the message "HERE I AM" is shown for two different codes. In the fmt, the 6equencies are assigned using the largest separation possible in the 300Hz to 3000Hz range allowed. The second code uses only the upper half of that range which means that the frequencies are closer together, but more symbols or another independent transmitter can be used. Students can explore tradeoffs in design and performance with this simple system. They also can see that both users must use the same codebook or the communication will not work.
An improved system using two tones per character is explored and DTMF is used as an example. The number of tones is reduced and the communication is more robust. Extension to more than two tones becomes complicated, and eventually a binary representation of the character code with only two tones, one for each hit rather than one for each character, is developed. The students start with a simple intuitive system and h i s b with FSK. Other chapters cover networks, the internet, codes and cryptography, and sampling.
Complex applications can be developed w i t h these simple blocks. In Figure 4 a coin counter is designed which counts the value of change based on an image of coins which are not touching each other. Either a stored image or a live PC camera image can be used. The fmt two blocks form the negative of the image and smooth it using a median filter. The block named Object Counting contains a number of simple blocks inside it. It thresholds the input image and fmds connected components. It determines the sizes of the connected components and identifies coins by their size. The students can interactively control the three parameters of the block, the threshold, and the minimum and maximum area for the specific type of coin to be counted.
m. FUTURE EXTENSIONS
Preliminary assessment of the program showed that 65% of the students who took the course would like to pursue an engineering major in college and almost all would recommend the course to a friend. More formal and long term assessments are being planned. Additional material is being added to connect course topics in audio, video, and communications to robotics at the level used in high school competitions. This allows direct extension to a number of fields of engineering including mechanical and civil engineering.
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